We search for variable sources, using the data of the surveys conducted on the RATAN-600 radio telescope in 1980-1994 at 3.94 GHz. To test the radio sources of the RCR (RATAN Cold Refined) catalog for variability, we estimated the long-term variability indices V of the studied objects, their relative variability amplitudes V χ , and the χ 2 probabilities p. Out of about two hundred considered sources, 41 proved to have positive long-term variability indices, suggesting that these sources may be variable. Fifteen objects can be considered to be reliably variable according to the χ 2 criterion p > 0.98, three of these sources have χ 2 probabilities p ≥ 0.999. The corresponding probabilities for six sources lie in the 0.95 < p < 0.98 interval, and those of the remaining 20 objects in the 0.73 ≤ p < 0.95 interval. Twenty-four of 41 objects are variable or possibly variable in the optical range, and five objects are known variable radio sources. We construct the light curves and spectra for the sources with positive long-term variability indices.
De Vries et al. [11] found that (1) the sample of variable sources contains a substantially greater fraction of quasars than the control sample with nonvariable sources, (2) variable sources are almost twice more often identified with SDSS than nonvariable sources, (3) the number of quasars is almost five times greater than that of galaxies, and (4) the two samples do not differ significantly in color.
In this paper we continue the research that we initiated in [13] , i.e., a search for variable radio sources based on the data of the "Cold" surveys [14] carried out at 7.6 cm on the RATAN-600 radio telescope.
We test the sources for variability, using the criteria, including statistical ones, described by Majorova and Zhelenkova [13] .
In our previous paper [13] we used the objects from the RCR (RATAN Cold Refined) [15] catalog selected using certain criteria to derive the calibration curves and perform a detailed analysis of the errors of the measured source flux densities in each of the considered surveys. To assess variability, we compute the long-term variability index, the probability of variability by χ 2 , and a number of other parameters characterizing variability.
In this paper we search for variable objects, using a larger source sample compared to the one used in our previous study [13] .
USE OF SURVEYS TO SEARCH FOR VARIABLE SOURCES
The periodicity, sensitivity, and observing frequencies effect the types of variable and transient sources detectable in the conducted surveys.
The radio source detection threshold of the "Cold" experiment conducted in the 1980's at RATAN-600 at a frequency of 3.94 GHz [14, 16] A certain advantage of using surveys to study the variability of radio sources is that during the survey the antenna of RATAN-600 radio telescope is focused on a certain elevation and its configuration remains practically unchanged in the process of observations. This reduces the errors due to the realignment of the antenna, and this is especially important for the determination of flux densities of sufficiently faint sources. single-sector observations [24] [25] [26] [27] [28] , a large number of sources are found simultaneously within its field of view. Thus at 7.6 cm more than 30000 NVSS objects [29] pass within the field of view in a single crossing of the sky. Increasing the integration time via repeated crossing of the same sky strip allows increasingly fainter radio sources to be reliably studied.
Note that the data of the 1980-1994 surveys can be used to study the long-term variability of radio sources on time scales of several years. Such variations are known to be due to nonstationary processes in active galactic nuclei.
SAMPLE OF RCR CATALOG SOURCES USED TO SEARCH FOR VARIABLE OBJECTS
In this paper we search for variable sources, using the sample of RCR-catalog radio sources with flux density data available at three or more frequencies. We already studied 80 such sources in our earlier paper [13] . Whereas in our previous study [13] we derived the calibration curves based on bright objects with steep spectra with minimum scatter of data points in order to minimize the contamination by variable sources, 3 in this paper we do not use criteria imposing restrictions on the spectral index, compactness, morphological structure, etc.
As the initial data for the analysis of the variability of RCR-catalog sources, we use several-day average observational records that have undergone primary reduction [19] . After background subtraction 3 Steep spectrum radio sources rarely exhibit variations at frequencies above 1 GHz except for the objects found to host a compact component, which is responsible for flux variations [30, 31] .
we identified the sources on the averaged scans via Gaussian analysis. We used standard software for the reduction of radio astronomical observations [32] . A detailed description of the technique used to reduce survey data has been published in [13, 15] , and the technique of searching for variable sources using the data of RATAN-600 surveys can be found in [13] .
When analyzing the sources in order to select the variable ones, we studied objects 
REVEALING VARIABLE OBJECTS AMONG THE SOURCES
We use several criteria to select possibly variable sources. In particular, we estimate the coefficients V R [11] and V F [33] , and the long-term variability index V [10] for each object of our sample.
We compute the coefficients by the 6 following formulas:
where The latter two criteria take into account the flux density measurement errors and therefore can be considered to be more reliable for testing the sources for variability.
One of the source variability indicators is the positive estimate of its long-term variability index for at least two surveys.
We computed the flux densities F i of radio sources, using their antenna temperatures T a i , determined from averaged records of the corresponding survey, and the calibration curves. For a detailed description of the derivation of calibration curves and selection of calibrating sources see [13] .
We compute the absolute σ i and relative RMS i root mean square errors of thesource flux density in the i-th survey by the following formulas:
where RMS i T a is the relative root mean square error of the estimated antenna temperature of the source, and RMS k is the relative root mean square error of the derived calibration curve.
where σ s is the dispersion of noise in the sky strip runs of the survey considered. respectively), the angles dH averaged over all surveys (column 8), 6 and spectral indices α at 3.94 GHz (column 9). The asterisks (*)
in column 10 mark the radio sources that are identified in the records with the highest confidence.
ANALYSIS OF THE STATISTICAL PROPERTIES OF THE SOURCES
To confirm the variability of the objects with positive long-term variability indices, we use statistical techniques similar to those employed in [3, 13, [34] [35] [36] . We compute the absolute ∆F and relative V χ variability amplitudes as well as the weighted average flux F of the source, weighted average root mean square error σ , and the χ criterion for the number of degrees of freedom df = n − 1, where n is the number of surveys. We perform our computations by the following formulas [34] :
We summarize the results of these computations in Table 2 . Columns 2, 3, and 4
list the χ 2 probabilities of source variability.
The parameter p df provides a quantitative estimate of the probability that a source whose flux density obeys a χ 2 distribution with df = n − 1 degrees of freedom can be Table 2 . Рис. 2. The F i /F j flux density ratios for the studied sample of RCR sources, obtained in different 1980, 1988, 1993, and 1994) . The filled circles show the F i /F j ratios for the objects in Table 1 (sources with V > 0), and the open circles for objects with V ≤ 0. The differences of flux density ratios in the 1993 and 1994 surveys for most of the possibly variable objects from Table 1 do not exceed the standard error of flux (Table 1) and ∆F (Table 2) values for individual sources, and V χ and RMS set = σ set /F .
Column 4 lists the average probabilities
For the sources listed in Tables 1 and 2 the relative variability amplitudes V χ and relative standard deviations from the mean, The upper and lower panels in Fig. 5 show 
VARIABLE SOURCES OF THE RCR CATALOG
Let us now discuss the criteria that allow the objects with V > 0, listed in Tables 1   and 2 , to be considered variable. Kesteven, Bridle, and Brandie [35] , and Fanti et al. [36] considered a source to be possibly and If we base our analysis on the average probabilities p listed in Table 2 In conclusion, we summarize the main results of our search for variable sources reported in this and our earlier paper [13] .
Out of the total number of sources (about 280) studied in these papers, 55 proved to have positive long-term variability indices for at least one pair of surveys. We list these sources (with V > 0) in Table 3 . It includes objects from Tables 1 and 2 of this paper and   Tables 3 and 4 from [13] .
Among the 55 radio sources listed in Table 3 and DD is a doubled double structure (DoubleDouble). The "w" symbol refers to the "winged" or "X-shaped" morphology. 9 The extra symbol "S" indicates "S-shaped" sources.
Таблица 3. Full list of RCR objects with V > 0 obtained in this study and in our previous paper [13] in column 12 indicates possibly variable objects that we found in our earlier study [13] .
We thus obtained a sample of RCR objects that can be considered to be very likely variable on time scales of 6-7 years. The sample contains about 10% of all the RCR catalog objects considered.
CONCLUSIONS
To reveal the variable sources from the data of the "Cold" surveys, we used the technique developed in our earlier paper [13] , where we derived the calibration curves and performed a detailed analysis and estimation of the relative root mean square errors for each survey. We searched for variable objects in a sample of radio sources of the RCR catalog [15] containing about 200 objects with flux density data available at three or more frequencies.
To reveal variable sources among the RCR objects of the considered sample, we estimated the long-term variability index V , the relative variability amplitude V χ , the χ 
